Summary We investigated change in health-related quality of life due to fracture in Australian adults aged over 50 years. Fractures reduce quality of life with the loss sustained at least over 12 months. At a population level, the loss was equivalent to 65 days in full health per fracture. Purpose We aimed to quantify the change in health-related quality of life (HRQoL) that occurred as a consequence of a fracture using the EQ-5D-3 L questionnaire. Methods Adults aged ≥50 years with a low to moderate energy fracture were recruited from eight study centres across Australia. This prospective study included an 18-month follow-up of participants recruited within 2 weeks of a fracture (hip, wrist, humerus, vertebral and ankle). Information collected at baseline and 4, 12 and 18 months included characteristics of participants such as income level, education and prior fracture status. At 12 months post-fracture, the cumulative loss of quality of life was estimated using multivariate regression analysis to identify the predictors of HRQoL loss.
Introduction
Bone fragility is expressed clinically as fractures, most often occurring following minimal or low energy impact. Fractures cause acute pain and loss of function. Recovery can be slow and rehabilitation is often incomplete [1] . Fragility fractures of the hip and vertebrae are commonly associated with high morbidity even though fractures at other sites collectively account for 60-70 % of all fractures [1] . Fragility fractures are likely to be associated with an increased risk of mortality [2] .
Years of life lost can be directly quantified by measuring the difference between the individual's age at death as a consequence of the fracture, and the mean age of death for their country, adjusted for sex. However, it is more difficult and less objective to quantify the pain, disturbance of physical function, decreased mobility and social interaction commonly associated with fractures, yet these make an important contribution to the morbidity and costs of fractures to both individuals and society. This burden imposed by fractures is quantifiable as a change in health-related quality of life (HRQoL), which is measured using validated questionnaires such as the EQ-5D [3] . The assessment of quality-adjusted life year (QALY) loss associated with fragility fractures allows the burden of osteoporosis to be compared with that of other diseases and can be used to inform health care policy.
The study (AusICUROS) represents the Australian 'arm' of an international health economics study on fragility fractures, the International Costs and Utilities Related to Osteoporotic Fractures (ICUROS) [4] . Using a uniform study design, the prospective study was conducted at eight centres across Australia to estimate costs and quality of life (QoL) related to fragility fractures. Direct and indirect resource data were also collected as part of the AusICUROS project, and these results are currently available as a burden of disease report for Osteoporosis Australia [5] .
Our primary objective was to quantify the change in quality of life that occurred as a consequence of a fragility fracture in a cohort of Australian adults. A secondary objective was to explore factors that predicted the change in HRQoL at 12 months following a fragility fracture.
Method

Study design and population
Eligibility to the AusICUROS project specified Australian adults aged 50 years and over with an incident 'low/moderate energy' fracture. Participants were recruited between July 2009 and July 2012. Recruitment mainly occurred through emergency departments and acute hospital orthopaedic wards. Individuals with fractures at more than one anatomical site were excluded from the study. There were eight study sites across Australia representing five of the six states and two territories in Australia (Electronic Supplementary Material 1). Each site was associated with an acute hospital and an emergency department. The study was approved by the relevant human research ethics committees (HREC) in each of the eight participating study centres in Australia (lead site Barwon Health HREC Approval number 09/49).
Data collection
The prospective study design has been described elsewhere [4] , but in brief, participants were enrolled within 2 weeks after the low-moderate energy fracture event and followedup for 18 months which involved data collection at five phases (phases 0 to 4: Supplementary Fig. S1 ). The baseline interview included phases 0 and 1; phase 0 represented the patient's recollection of their health state just prior to the fracture, while phase 1 represented their self-assessed health state at the time of fracture. The data/information for phases 0 and 1 was primarily collected in hospital by interview while the patient was receiving care for their fracture, and in some instances, was undertaken by telephone interview. Details of the fracture event and participant age, education (highest level attained), income category (low, middle or high) and prior fracture history were collected by self-report at the baseline interview (Table 1) . Phases 2, 3 and 4 took place at 4, 12 and 18 months, respectively, after the fracture event, at which time telephone interviews were used to collect data on current HRQoL and fracture-related resource use since the last interview (Supplementary Fig. S1 ). HRQoL was estimated using the EuroQoL EQ-5D-3 L questionnaire, a time trade-off (TTO) questionnaire described below ( Table 2) .
Analysis of quality of life
Changes in HRQoL were assessed utilising the widely used and validated EQ-5D-3 L questionnaire. Generic HRQoL questionnaires such as the EQ-5D enable comparisons of quality of life across different diseases or health states using a single index. The EQ-5D-3 L has five dimensions-mobility, self-care, usual activities, pain/discomfort and anxiety/ depression-each with three levels of severity (no problem, some problem and major problem). The dimensions and levels present 3 5 or 243 possible health state combinations (including full health (1) and dead (0)) [6] . Where there were missing values in any domain of the EQ-5D questionnaire, these were replaced with the sample mean to allow the utility score to be calculated.
The health state identified by the EQ-5D is quantified as a single measure of utility by weighting the health state based on population norms. The values attached to each of these health states were based on the Australian time trade-off (TTO) utility weights from general Australian population samples [7] . For comparison between international studies, UK weights are also presented (Electronic Supplementary Material Table S1 ). The utility that results is expressed as a fraction with 0 representing death and 1, perfect health. Negative values are possible and represent 'worse than death'. When utility is measured at two time points, the change is then expressed as a quality-adjusted life year (QALY). If the difference in the utility score is 0.5, then this is equivalent to a loss/gain of one half a quality-adjusted life year, which is equivalent to a loss/gain of 6 months in full health. The decrement in utility associated with fractures is the cumulative loss of utility over a given time period. For example, if a fracture causes a utility change from 1.0 to 0.6 for 1 year, the Table 2 Mean health-related utility (EQ-5D) and percentage change from baseline to fracture, 4, 12 and 18 months, by fracture site 
% N=378
Unit of measurement is utility score where 1=perfect health and 0=death. 'Other Fractures' excludes hip, vertebral, wrist, ankle and humerus; Non-hip, non-wrist and non-vertebral excludes hip, vertebral and wrist fractures; Non-hip, non-vertebral refers to all fractures except hip and vertebral SD standard deviation, PF post-fracture, mths months, N the number of participants QALY loss is 0.4; alternatively, if the fracture causes a utility loss of 0.4 for 6 months, the QALY loss is 0.2.
Fracture site
Participants were enrolled into the study with a low-moderate energy fracture. The most common of these were hip, wrist, vertebral, humerus and ankle; however, fractures at other sites were also included. Vertebral fractures were identified by radiologist's report and were excluded if the decrease in vertebral height was less than 20 %. This analysis has included HRQoL data for the individual fracture sites as well as for combinations of fractures: 'Other Fractures' (excludes hip, vertebral, wrist, ankle and humerus); 'Non-hip, non-wrist and non-vertebral' (excludes hip, vertebral and wrist fractures); and 'Non-hip, non-vertebral' (includes fracture sites other than hip and vertebral).
Statistical analysis
Mean EQ-5D indices were reported for hip, vertebral, wrist, humeral, ankle and 'other' fragility fractures at each time point from phases 0 to 4, as well as the change in HRQoL over 12 months. Calculation of the cumulative loss in HRQoL from phase 0 (the individual's recollection of their quality of life pre-fracture) to phase 3 (12 months after fracture) was calculated according to the following formula:
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Where QoL 0 = pre-fracture HRQoL, QoL 1 =HRQoL at fracture, QoL 2 =HRQoL at 4 months and QoL 3 =HRQoL at 12 months, and the assumption is that if the fracture had not occurred, pre-fracture HRQoL would have been unchanged over 12 months.
The change in utility value was calculated as a mean QALY lost and as a percentage change in QALYs over 12 months.
Multivariate regression analyses by fracture site for all fractures and the individual fracture sites (hip, wrist, vertebral, humerus and ankle) were undertaken to identify determinants of QALY loss [8] . The variables included in the models were HRQoL at baseline, age (in years), gender, whether hospitalisation occurred in connection with the fracture, presence or absence of a fracture in the previous 5 years, income (low or mid-high income level) and education (primary, secondary and post-secondary) and, in the model for all fractures, fracture site (hip, wrist, vertebral, humerus, ankle and other). Where complete data or observations were missing, no assumptions were made.
Results
Population characteristics
A total of 915 participants completed phases 0 and 1 at baseline and 703 participants completed phase 3 at 12 months (Table 1) . Participant numbers by fracture site with numbers lost to follow-up and total assessed at each time point are presented in Fig. 1 follow-up was 23 % (212/915). There were missing data for 8.7 % (61/703) of the participants at 12 months. There were three participants at 12 months who had missing values in one domain of the EQ-5D questionnaire; these were replaced with the sample mean to allow utility scores to be calculated. Mean age of participants at baseline was 69.8 years (SD 11.5) and at 12 months 69.9 years (SD 11.0). Hip fracture participants were older (mean age 78 years; SD 9.9) and ankle fracture participants were younger (mean age 64 years; SD 9.2). Male participants having fractures at the wrist, vertebrae or 'other fracture site' were younger than females. Almost 76 % of participants were women. Vertebral fractures had the highest proportion of men (37 %) and hip fractures the lowest (16 %) ( Table 1 ). There were no significant differences between the groups measured at baseline and at 12 months.
Quality of life
The mean pre-fracture HRQoL utility index (estimated by recall) for all fractures was 0.86 (SD 0.19) ( Table 3) (Table 3) . The pre-fracture HRQoL was highest for wrist fracture participants (0.90; SD 0.17) who tended to be younger and was lowest for vertebral fracture participants (0.80; SD 0.21). During the immediate fracture period (phase 1), hip fracture participants' HRQoL declined by 69 % although HRQoL substantially declined for all fractures: ankle (61 %), humerus (59 %), other (57 %), vertebral (46 %) and wrist fracture (36 %). Health-related quality of life improved with time from the fracture event (Fig. 2) . However, at 12 months after fracture, no fracture site had attained the pre-fracture HRQoL, and by 18 months, HRQoL for hip and vertebral fracture participants remained 13 and 11 % lower than pre-fracture estimates, respectively. By 18 months, HRQoL for the other fracture sites had attained pre-fracture levels.
At 4 months post-fracture, HRQoL was rated similarly for all fracture sites except the wrist which was highest at 0.82 (SD 0.19) ( Table 3) . To facilitate direct comparisons with international data, utilities using UK weights are presented in Appendix Table S1 . In general, QALY estimates using UK weights were lower than the Australian weighted QALYs.
Changes in quality-adjusted life years
The mean cumulative loss in quality-adjusted life years (QALYs) for all fractures from pre-fracture to 12 months was 0.157, which represented an 18 % loss in QALYs from baseline (Table 4 ). Hip and ankle fractures had the greatest loss of QALYs over 12 months (26 and 24 %, respectively) while wrist fractures had the smallest decline of 11 %.
Predictors of loss of quality-adjusted life years at 12 months (regression analyses)
The full model in Table 4 shows the predictors of QALY loss for all fractures adjusted for age, gender, fracture site, prefracture HRQoL, hospitalisation, previous fracture, income, employment and education, as well as a separate model predictive of QALY loss for each fracture site. The baseline HRQoL utility index score was a significant predictor of loss of QALYs from baseline to 12 months post-fracture (Table 4  and Supplementary Table S2 ) for all fractures. The model predicted that those with a higher baseline HRQoL experience a substantially greater loss in QALYs at 12 months.
Compared with a wrist fracture, the mean loss of QALYs was 13 % higher for a hip fracture and was also 11 % higher Expressed as mean utility value with standard deviation in parentheses; 'Other Fractures' excludes hip, vertebral, wrist, ankle and humerus; Non-hip, non-wrist and non-vertebral excludes hip, vertebral and wrist fractures; Non-hip, non-vertebral refers to all fractures except hip and vertebral than ankle or vertebral fracture (Table 4 'All Fractures').When adjusted for fracture site, hospitalisation as a result of a fracture was associated with a 3 % increased loss of QALYs over 12 months. However, this was not significant for any single fracture site. In the full model for all fractures, individuals with a postsecondary education were more likely to experience a smaller loss in QALYs compared to individuals with a secondary education. For individuals with a hip fracture, post-secondary education was associated with an 11 % lower loss of QALYs, and for primary education, the QALY loss was 7 % higher (both significant) compared with secondary education (Table 4) . However, education was not a significant predictor for QALY loss for other fracture sites.
For hip fractures, not other fractures, being employed prefracture was a predictor of a 13 % increase in the loss of QALYs over 12 months. Mid to high income was associated with a decrease in the loss of QALYs for humeral and ankle fractures (14 and 9 %, respectively) compared with having a low income, whilst mid to high income was predictive of an increase in the loss of QALYs for vertebral fractures (13 %). Having a fracture in the last 5 years, gender and age were not significant predictors for a loss of QALYs for all fractures, or for any individual fracture.
The adjusted R 2 for the regression equation demonstrated that over 30 % of the variation in QALY loss at 12 months was explained by the full model predictors (All fractures). Predictor variables explained almost 25 % of the variation for wrist fractures, to over 56 % for humeral fractures in the fracturesite-specific regression (Table 4) .
Discussion
This is the first study to quantify change in HRQoL following an acute low-moderate energy fracture in Australian older adults and the associated loss in quality-adjusted life years. We estimated a mean loss of 18 % in QALYs across all fractures over 12 months, which is equivalent to an average loss of 65 days in full health for each fragility fracture. This represents a substantial health impact. Further analysis by fracture site found that the pattern associated with HRQoL assessed within 2 weeks of the fracture, then at 4, 12 and 18 months was similar for all fracture sites; however, the magnitude of the change differed according to fracture site. Of importance, these data show that the HRQoL for non-hip, non-vertebral fractures does not reach pre-fracture levels until 12 to 18 months post-fracture, while the post-fracture HRQoL decrement associated with hip and vertebral fractures is sustained and remains 13 and 11 % lower respectively, at 18 months.
The study included a follow-up period of 18 months and a large number of participants from several study centres across Australia. The cohort reflects the typical profile of fracture incidence statistics associated with osteoporosis, with three quarters of participants being female and a mean age around 70 years [9] . The cohort was unique in collecting HRQoL data from all fracture sites including separate estimates for hip, vertebral, wrist, ankle and humeral fractures in addition to other fractures grouped. Previous post-fracture HRQoL work has been largely confined to single fracture sites including hip [1, 4, [10] [11] [12] [13] [14] [15] , vertebral [1, 4, 10, 11, 14, 16] , distal forearm [10, 16, 17] , proximal humerus [15, 16] , pelvic and rib fractures [10] . Prospective cohort studies measuring HRQoL over time after an acute event are not common. Longitudinal studies that have assessed HRQoL following an acute event include stroke [18] , acute myocardial infarction [19] and total joint replacement [20] . However, the emphasis is more on understanding the predictors of HRQoL rather than quantifying the amount. In the immediate acute fracture period, quality of life declined by a mean of 51 %, ranging from almost 70 % posthip fracture to 36 % post-wrist fracture. Notably, at 4 months post-fracture, the decline in HRQoL for ankle fracture was similar to that for hip fracture, suggesting that factors such as mobility that impact on HRQoL are equally relevant in both hip and ankle fractures at 4 months. At 12 months post-fracture, HRQoL for ankle fractures was 8 % lower than the pre-fracture level. The mean decline of all non-hip, non-vertebral fractures at 12 months post-fracture was 6 % lower than pre-fracture level with attainment of the pre-fracture level by 18 months.
Interim analysis of international hip, vertebral and wrist data from the parent ICUROS study also found no significant difference in loss of HRQoL at 4 months between participants with and without prior fracture [4] and reports that the strongest and most consistent predictor of HRQoL at 4 months post-fracture was baseline HRQoL. Our Australian data confirm this and demonstrate that those with a higher pre-fracture HRQoL experienced a greater decline in HRQoL over the 18 months following fracture.
The decrement in HRQoL did not differ by sex while age (70+years) conferred only a minor extra decline in HRQoL compared with participants' aged 50 to 69 years. A previous fracture in the past 5 years was not associated with QALY loss at 12 months. Hospitalisation as a consequence of the acute fracture resulted in an additional 5 % loss of QALYs for all fractures, and 3 % loss for non-hip, non-vertebral fractures. This is probably due to hospitalisation being a potential marker of either fracture severity, or poorer health. The effects of education and income were mixed with respect to direction and fracture type.
At 1 year post-fracture, there was a 22 % loss in QALYs among our Australian cohort of 150 hip fracture participants. Similarly, the Belgian Hip Fracture Study Group, using the SF-36 tool rather than the EQ-5D, reported a 24 % functional decline [21] . QALY loss in the first 12 months after hip fracture was estimated to be 0.47 mainly due to hospital and nursing home stay [1] . In contrast for wrist fracture, our Australian estimate of 0.10 QALY loss at 12 months is higher than the 0.05 reported by the National Osteoporosis Foundation [22] .
There are limited published data on the quality of life decline associated with humeral fractures [23] despite it being the fourth most common site for fracture among Australians aged 50 years and over (0.4 % per year (p.a). for women and 0.1 % p.a. for men [9] ). In our Australian cohort, the decline in HRQoL was greater than for wrist fracture (QALY: 18 vs 11 % at 12 months) while Hallberg et al. using the SF-36 tool reported that humeral fractures had a similar pattern to that of wrist fracture with less decline compared with vertebral fracture [23] . These Australian data show that the decline in quality of life for humeral fractures was greater in the immediate fracture period than for vertebral fractures (59 vs 47 %, respectively) although, in contrast to vertebral fracture, HRQoL returned to pre-fracture levels by 18 months.
While participants with ankle fracture were on average 3 years younger than those with wrist fracture (63.6 and 66.6 years, respectively), the cumulative loss of QALYs at 12 months was double that of wrist fractures (24 vs 11 %, respectively). The decline in quality of life over 12 months was similar to that following vertebral fracture. However, at 18 months post-fracture, HRQoL had returned to the pre-fracture level.
A potential limitation of this study is that participants were asked for their pre-fracture HRQoL after their fracture. The participant may therefore perceive their pre-fracture status as better than it was, potentially overestimating the loss in HRQoL. However, Marsh et al. have reported that older patients can accurately recall their preoperative health status 6 weeks following hip arthroplasty [24] . Another limitation is the relatively low number of vertebral fractures compared with other fracture sites (92/915; 10 %). In Australia, vertebral fracture patients not involved in a high trauma event do not routinely present at a hospital emergency department. They are more likely to present to a general practitioner, but this may not be within 2 weeks of their fracture, as required for this study. To improve recruitment of people with a vertebral fracture, financial bonuses were offered to site coordinators. As the majority of fracture participants were recruited through attendance at an emergency department, the vertebral fracture cohort is likely to be those who present with a sudden and acute onset of pain. These patients may therefore represent those who experience a large and immediate decline in HRQoL and may not be representative of the general vertebral fragility fracture population. A third limitation is that deaths during the follow-up period were excluded in further analysis, therefore suggesting that our QALY estimates may be conservative.
Quality of life is reported using a generic questionnaire (EQ-5D) which can be expressed as a single index that enables comparison of HRQoL across diseases or populations, for example, in priority setting. The assessment of QALY loss associated with fragility fracture allows the burden of osteoporosis to be compared with that of other diseases and can be used to drive change in health care policy. The reported estimates of HRQoL can also be used in cost-effectiveness analyses of different treatment scenarios, as well as the potential value of directing community health resources towards primary and secondary fracture prevention.
In summary and conclusion, fractures reduce quality of life. These novel data highlight the neglected and significant decline in HRQoL associated with fractures at sites other than the hip, vertebrae and wrist. They also show that the HRQoL for non-hip, non-vertebral fractures does not reach pre-fracture levels until 12 to 18 months post-fracture. On the other hand, the HRQoL decrement associated with hip and vertebral fractures is sustained at 18 months post-fracture. Previous estimates of the full impact on HRQoL associated with fragility fractures are likely to represent an underestimate as the observational period does not generally extend past 12 months and are not inclusive of all fracture sites.
